Crown height of molar teeth was measured in a 19th century Dutch skeletal collection of known age at death. Results indicate an approximately linear relationship between crown height and age. A closer relationship between age and crown height exists for the mandibular than the maxillary molars. The mandibular molars wear at a faster rate than the maxillary molars. There is no evidence for any difference in wear rates between first, second and third molars. No effect on wear rate of ante-mortem loss of occlusal partner nor of dental caries could be detected. The rate of wear in the study material was markedly slower than that which characterizes most archaeological groups and the burials are drawn from a rather heterogeneous urban population; these factors mean that dental wear ageing would be expected to perform less well in this material than for most archaeological groups. Despite this, strong correlations were observed between molar wear and adult age at death; that this was the case despite circumstances unfavourable for its use supports the idea that dental wear is a reliable ageing technique for most archaeological skeletal material.
Introduction

D
ental wear may be defined as the gradual and regular loss of tooth substance as a result of natural mastication (Pindborg, 1970) . At a population level, the abrasive properties of the food are the prime determinant of the rate of dental wear (Sengupta et al., 1999) . Reliance on factory-processed foods has resulted in very low rates of dental wear in contemporary Western populations. By contrast, in antiquity, high rates of dental wear were universal, reflecting the fact that diets were much coarser and more abrasive because hard particles were incorporated in foods. These particles may have been intrinsic components, such as bone fragments or collagenous material in fish or meat, or cellulose or phytoliths in plant foods, or they may have been inadvertently introduced as contaminants during food preparation or processing, for example mineral grit introduced during grinding of cereal grains.
Abrasive particles in foods principally cause wear to the occlusal surfaces of teeth when they are brought together during the closed phase of mastication; hard particles are trapped between opposing surfaces and dragged across them causing abrasion (Mair et al., 1996) . In addition, during chewing, any hard particles suspended in the food bolus may act as a slurry causing additional, more minor wear, both to occlusal and to non-contact tooth surfaces (ibid.).
Dental wear proceeds in a regular progressive manner, particularly in the molar teeth, endowing it with potential as a method of age estimation. However the success with which it can be used for this purpose depends not only on the degree to which diets are uniform between individuals, but also to a large extent on the rate of wear in a population. When wear rates are slow, idiosyncratic differences in wear between individuals caused by extraneous factors such as differential bruxism (Ekfelt et al., 1990) and occupational exposure to dust and grit (Pö llmann, Berger & Pö llmann, 1987) tend to play a larger role in inter-individual variation in tooth wear, helping to obscure age relationships. In addition, with low wear rates it is more difficult accurately to quantify wear and measurement error makes a greater contribution to sample variance. Thus dental wear is of limited use for age estimation in forensic contexts in Western countries (e.g. Santini, Land & Raab, 1990) . However, for other populations it does have important forensic applications. For example, in some Far Eastern populations, rate of wear is greater, and diets appear fairly regular, so that highly reliable age estimates can be obtained from dental wear (Zhang & Ji, 1988; Song & Jia, 1989; Song, Jia & Cameron, 1991; Li & Ji, 1995; Kim, Kho & Lee, 2000) .
The high rates of dental wear characteristic of most palaeopopulations suggest that it should be a useful method of adult age estimation in archaeological groups, and indeed it has long been used for this purpose (Brothwell, 1989) . Although work on recent non-industrialized populations which retain rates of dental wear comparable to those generally pertaining in antiquity (Tomenchuk & Mayhall, 1979; Richards & Brown, 1981; Kieser, Preston & Evans, 1983; Richards & Miller, 1991) supports the view that dental wear is likely to be a reliable ageing method for early populations, there are few direct tests of this using archaeological human remains. This chiefly reflects a paucity of suitable study material. Adequate testing of ageing techniques for palaeopopulations requires collections of archaeological skeletons of documented age at death. Although a number of these are available, they derive from the later post-Mediaeval period, and postdate the introduction of softer, processed foods, so in most cases wear rates are very low (e.g. Lavelle, 1970; Molleson & Cox, 1993; Sengupta et al., 1999) , preventing adequate testing of dental wear ageing. However, the availability of a few archaeological collections of documented age at death which do show significant dental wear has enabled some work to be carried out. Johnson (1976) studied 19th century material from northern England. Quantifiable molar wear was apparent in this group and was found to provide a better indication of age than did cranial suture closure. More recently, Constandse-Westermann (1997) investigated dental wear in a group of 19th century skeletons of documented age at death from The Netherlands. Dental wear was scored on an ordinal scale, and although its rate was found to be markedly slower than that characteristic of most archaeological populations, as an ageing technique it still out-performed alternative methods such as pubic symphysial morphology, auricular surface form and cranial suture closure. The present work is a further study of the Dutch skeletal material examined by Constandse-Westermann. The aims are to investigate more closely the relationship between molar wear and individual age, and to study the effects of ante-mortem tooth loss and dental caries on wear rates as these pathologies are endemic in most palaeopopulations and have often been considered potentially to affect dental wear (e.g. Miles, 1963; Walker, 1978) .
Material
The study material comprises human skeletal remains excavated in 1987-1988 from the Broerenkerk, Zwolle, The Netherlands (Clevis & Constandse-Westermann, 1992) . The burials come from beneath the floor of the church and are interments of middle-class townsfolk made between  1819 and 1828. That the burials derive from a relatively restricted time-span helps minimise the possibility of significant secular change in diet within the study group. The Broerenkerk burial register gives, amongst other things, the location of grave plots, and the interred individual's name and age at death. During excavation, the position of each grave was carefully noted and comparison with the burial register allowed biographical details to be associated with individual skeletons (Aten, 1992) . In this way, remains of 138 individuals of known age were recovered, of which 102 (47 males, 55 females) had surviving jaws and/or dentition and hence were suitable for inclusion in the present study. Their ages at death ranged from 8-89 years. The age at death distribution is shown in Figure 1 .
Methods
Molar wear in the Zwolle material was recorded using both ordinal and continuous scales. Ever since the simple five-phase scheme of Broca (1879) , most workers recording dental wear in archaeological human remains have favoured ordinal scoring systems, a variety of which have been suggested over the years (e.g. Murphy, 1959a; Brothwell, 1963; Molnar, 1971; Scott, 1979; Smith, 1984; Lovejoy, 1985; Bouts & Pot, 1989) . Perhaps the most widely used, at least for north-west European material, is that of Brothwell (1963) .
Ordinal wear recording schemes have the advantage that they are generally quick and reliable in use and, if sufficient juveniles are present, they allow molar wear rates to be calibrated for the population under study using established methodology (Miles, 1963) thus greatly increasing the reliability of age estimation. However, because the use of ordinal wear scales involves splitting the continuous process of loss of crown substance into an arbitrary series of categories there is inevitably loss of information, and this also limits the statistical analyses which can be brought to bear. Furthermore, it cannot be assumed that the different phases within a particular recording scheme represent similar amounts of wear, nor that a given stage represents an equivalent amount of wear on different molar teeth (Molleson & Cohen, 1990) . Thus, although ordinal scales are of proven worth for age estimation, they may not be best suited to more detailed studies of relationships between wear and age. Recording systems based on tooth crown measurements potentially yield more accurate and less subjective measures of tooth crown remaining, as well as providing continuous variables for statistical analysis.
Some workers investigating dental wear ageing (e.g. Tomenchuk & Mayhall, 1979; Molnar et al., 1983a) have used molar crown measures based on cusp height relative to the central fossa. However, such measures are not well suited to most palaeopopulations, as in older individuals the central fossa is frequently obliterated by wear. More often, measurements are taken to the cemeto-enamel junction (CEJ), which survives on all but the most heavily worn examples of ancient molars. Some workers have used a single measurement per tooth, measuring from the CEJ either to the highest part of the crown (Benfer & Edwards, 1991) or to the tip of one particular cusp (Kieser, Groeneveld & Preston, 1985) . However, given the rather irregular occlusal surface of both worn and unworn molar crowns, a single measurement may be a rather inadequate measure of loss of dental hard tissue. In recognition of this, the use of more than one crown height measurement per molar has been suggested. Mays, de la Rua & Molleson (1995) recorded two crown height measurements, one each in the mesial and distal quadrants, on the buccal side of mandibular and lingual side of maxillary molars. Others (Mehta & Evans, 1966; Walker, Dean & Shapiro, 1991) have taken measurements on all four quadrants.
For the present purposes, the methodology of Mays, de la Rua & Molleson (1995) has some advantages. Although it seems likely that measurements in all four molar quadrants will provide a more comprehensive picture of tooth crown substance remaining, it makes sense for the present purposes to concentrate upon those parts of the crown where the rate of wear is likely to be greatest. Where wear rates are greater, differences in initial crown height of unworn teeth between individuals, idiosyncratic differences in wear due to personal habits, and measurement error are less likely to obscure age-relationships than where wear is slower. In the molar teeth, the lingual part of the maxillary and the buccal part of the mandibular occlusal surfaces are subject to the greatest biting forces and so experience the most wear (Hillson, 1996: 237) , and these are the areas measured in this methodology. In addition, previous work (Mays, de la Rua & Molleson, 1995) has demonstrated that crown height measured in this way shows a firm relationship with dental age in juveniles in a palaeopopulation, thus confirming the value of crown height data recorded in this fashion for ageing studies.
In the light of the above, identical methodology to that previously published (Mays, de la Rua & Molleson, 1995) was followed. Measurements, on the buccal side of the mandibular and lingual side of the maxillary molar teeth, were made using digital callipers, from the cemento-enamel junction to the perimeter of the wear fact on the mesial and distal corners of the tooth. In apparently unworn teeth, where no wear facets were visible, measurements were made to cusp tips. In teeth with significant dentine exposure, patches of exposed dentine were occasionally slightly concave and so lay a little below the adjacent enamel, a phenomenon which has been described in the literature as ''cupping'' (e.g. Molnar, 1971) . The degree of cupping in the Zwolle dentitions is slight compared with that which has sometimes been reported for more ancient populations (e.g. Smith, 1984; Kieser et al., 2001) , and in any case crown height measurements avoided these cupped areas of dentine as they invariably lay toward the centre rather than the perimeters of enamel wear facets. The mean of mesial and distal measurements was used to express crown height in each molar. Left molars were used for measurement, but when a left molar was missing its counterpart on the right side was substituted.
In addition to crown height, wear was also recorded on an ordinal scale, using the scheme of Brothwell (1963) , taking into account the minor modifications suggested by Mays, de la Rua & Molleson (1995) . The aim is not to dwell upon the relationship between ordinal wear stages and age as this has already been studied elsewhere (Constandse-Westermann, 1997). The main purpose of recording wear stages was to aid interpretation of the crown height data and to give a general picture of the degree of dental wear in the Zwolle group compared with other archaeological populations. An inventory of the dental remains for each individual was also made, according to the methodology of Mays (1991) . Ante-mortem tooth loss was quantified with respect to the number of observable tooth positions; dental caries was quantified with respect to the total teeth present for observation.
Repeatability of Measurements
In order to assess the repeatability of crown height measurements, five molars were re-measured. The results were analysed using the method error statistic (Dahlberg, 1940; Knapp, 1992) . Table 1 indicates that approximately 8% of variance in crown height is likely made up of measurement error. This is similar to findings which have been reported for this methodology on another assemblage (Mays, de la Rua & Molleson, 1995) .
Results
Relationships between wear and age
The relationship between crown height and age was investigated for each molar type using regression analysis. In order to establish from the outset whether any sex differences existed, multiple regression analyses were first carried out with sex as a dummy variable. This indicated no evidence for sex differences. Results are therefore presented for males and females combined. Scattergrams of crown height versus age were prepared (Figures 2-7) , and linear regressions of crown height on age were performed (Table 2) . Data on molar wear stages is presented in Table 3 . In general, there is a statistically significant linear relationship between crown height and age at death ( Table 2 ). The exception is the maxillary M 3 , for which the relationship narrowly fails to attain significance at the 5% level. Within the maxillary or mandibular dentitions, there is no great difference in the correlation coefficients between age and the crown heights of the first, second or third molars, however in general crown heights of mandibular molars show a closer correlation with age at death than do those of the maxillary molars.
The crown height data appear to indicate more rapid wear on mandibular teeth. For all three molar types, the slope of the regression of crown height upon age for the maxillary tooth is less than, and lies outside the 95% confidence limits for, the slope of the regression line for its counterpart in the mandible. The slopes for the maxillary teeth are about half those for the mandibular molars. Within the maxillary or mandibular dentition, there is no evidence for any difference in wear rates between the first, second and third molars, the regression slopes for each being similar.
Turning to the ordinal wear stage data (Table 3) , it is clear that despite the relatively high proportion of older individuals in the study group (Figure 1) , the frequency of advanced molar wear patterns is low. For example, only 14% of first molars show wear stages beyond Brothwell's (1963) phase 3. This compares with, for instance, a figure of 49% for mandibular M1s in the Poundbury late Romano-British (3rd-5th century ) population (Mays, de la Rua & Molleson, 1995) . This is consistent with earlier findings (Constandse-Westermann, 1997) that wear rates were markedly slower in the Zwolle group than those generally found archaeologically. *Due to the incomplete nature of the skeletal remains and the high rate of ante-mortem tooth loss, these numbers are markedly less than the total of 102 individuals comprising the study material as a whole. Brothwell (1963) , using the modifications suggested by Mays, de la Rua & Molleson (1995) . Numbers of individuals in this table for the different molar types do not always match those in Table 2 as on occasion molars could be scored for wear stage but not measured for crown height or vice versa.
Given the evidence ( Table 2 ) that crown heights in mandibular molars bear a closer relationship to age than do those of their counterparts in the maxillary dentition, the remainder of this paper is primarily concerned with the mandibular molars (hereafter denoted M 1-3 ).
Although results of the linear regression analyses force rejection of the null hypotheses that no linear relationships exist between the crown heights of the different mandibular molars and age, it is useful at this point to consider whether linear relationships best describe the crown height-age associations. To this end, standardized residuals from the linear regression analyses of crown heights on age for the mandibular molars were plotted against age (Figures 8-10 ).
For the M 3 , the impression from the scatterplot of crown height versus age (Figure 4) is of an approximately linear relationship between these variables. This interpretation is supported by the plot of standardized residuals ( Figure 10) ; the only patterning appears to be an increased spread of residuals with age. An increased spread of crown heights with advancing age is an expected pattern, given that idiosyncratic differences between individuals will tend to accumulate with age. The standardized residuals plots for M 1 and M 2 (Figures 8 & 9 ) may also suggest this, but in addition some other patterning, a slight V-shape in the scatter of points, is perhaps discernible. This suggests the possibility that the relationship between crown height and age for these molars may not be precisely linear. Various data transforms were carried out to try and improve the fit of the data; these were generally unrewarding, although regression of crown height against the reciprocal of age did improve the fit a little (r=0·634 for M 1 , r=0·695 for M 2 , cf. values in Table  2 ). Although this may indicate that the overall relationship between crown height and age for these teeth is of curvilinear form, it may simply be that there was a higher rate of wear initially but that it then settled down to a somewhat slower, approximately linear loss of crown height. In support of this, points representing recently erupted teeth in young individuals tend to fall above the linear regression lines for both M 1 and M 2 and if these points are ignored in the standardized residuals plots (Figures 8 & 9 ) the only patterning remaining seems to be the expected increase in the spread of points with age. The pattern by which there is a higher rate of wear in recently erupted teeth has been reported previously for another assemblage (Mays, de la Rua & Molleson, 1995) .
Effects of ante-mortem tooth loss and dental caries on wear
In the study group, ante-mortem tooth loss was frequent, with an overall prevalence of 37% with respect to total tooth sockets observable. Tooth loss was strongly age progressive (Table 4, Figure 11 ); in particular, it appeared to increase markedly once individuals were past middle age, so that, for example, all those showing the loss of more than 50% of their teeth ante-mortem are over 45 years of age.
Dental caries is frequent and severe in the study group. The prevalence with regard to total teeth present for observation was 19·4%. Molars are the teeth most frequently affected, and many cavities (59% of those on molar teeth) destroyed large areas of the crown and/or originated on the occlusal surface.
Multiple regression analyses were carried out to attempt to determine whether there was any evidence for an effect of ante-mortem tooth loss or of caries on crown height-for-age. Teeth which had suffered loss of their occlusal partners ante-mortem might be expected to show reduced wear and hence greater crown heightsfor-age. Ante-mortem tooth loss was entered as a dummy variable, molar teeth whose occlusal partners had been lost in life were coded 0, others were coded 1. Multiple regression analyses were carried out for each mandibular molar type, with crown height as the dependent variable and age and ante-mortem loss of occlusal partner as the independent variables.
Molars which themselves showed caries cavities or whose occlusal partners did might be expected to show reduced wear, as chewing on them may have been painful. Molars which themselves showed caries or whose occlusal partners did were coded 1, cases where both the tooth in question and its occlusal partner were caries free were coded 0. Multiple regression analyses were carried out for each mandibular molar type with crown height as the dependent variable and age and caries as the independent variables.
Multiple regression failed to reveal any effects of ante-mortem loss of occlusal partners (Table 5) , or of caries (Table 6 ) on crown heights.
Discussion
The present results indicate that crown height of mandibular molars bears a closer relationship with age at death than does crown height of maxillary molar teeth. Mandibular molars also tend to wear faster than maxillary molars. This latter appears to be consistent with most previous findings. Using a methodology involving measurement of areas of worn enamel, Molnar, McKee & Molnar (1983b) reported a greater rate of wear in mandibular teeth, and many workers have noted greater dentine exposure in the mandibular dentition (Murphy, 1959b; Pal, 1971; Lunt, 1978; Lovejoy, 1985; Molnar et al., 1989) . However this pattern is by no means universal, some have reported no difference in wear between upper and lower molars (Lavelle, 1970; Dreier, 1994; Li & Ji, 1995; Mays, de la Rua & Molleson, 1995) .
Since material of documented age is necessary to investigate the relative reliability of maxillary and mandibular teeth for ageing, fewer studies exist concerning this. Kieser, Preston & Evans (1983) , working with a living, high attrition, South American tribal group, found that age estimated from mandibular molars correlated markedly better with actual age than did age estimates from maxillary molars, echoing the present results. However other workers have failed to find a difference in this respect (Molnar et al., 1983a; Song & Jia, 1989; Li & Ji, 1995; Kim, Kho & Lee, 2000) , although they were working with lower attrition populations. Despite the inconsistency in the literature, it may be significant that (to my knowledge) no study has found that maxillary molars are more reliable than mandibular molars for ageing. Age estimates based on mandibular molar wear may be preferable in instances where results from upper and lower teeth are discordant. Third molar wear is often considered less reliable than first or second molar wear for age-estimation (Akpata, 1975; Tomenchuk & Mayhall, 1979; Richards & Miller, 1991) . However, the current results do not support this. Although third molars may often be of abnormal form, fail to attain proper occlusion, or may be absent altogether, the present work indicates that there is no a priori reason to exclude them from age estimates if they are in occlusion and of normal form.
There is controversy over the question of whether differences in wear rates exist between first, second and third molars. When Miles (1963) originated his seriation method of dental ageing using ordinal recording of dentine exposure (on undocumented material) he felt that there was a gradient of about 7:6·5:6 in the rate of wear between first, second and third molars, first molars wearing the most rapidly. More recent work on known age material seems in general to support the idea that a gradient of approximately this form exists in the rate of dentine exposure (Akpata, 1975; Santini, Land & Raab, 1990; Richards & Miller, 1991; cf. Li & Ji, 1995) . However, comparing wear rates between different teeth using patterns of dentine exposure may be problematic as wear stages may not represent removal of equivalent amounts of hard tissue in different teeth. The present crown height data provide no evidence of a difference in wear rates between first, second and third molars.
There was little evidence in the present work for any great deviations from linearity in the relationship between crown height and age. However, the data for M 1 and M 2 may hint at a higher rate of wear for the first few years after eruption followed by a settling down to a fairly constant rate thereafter. This pattern has been reported in a previous study on another assemblage (Mays, de la Rue & Molleson, 1995) which measured crown heights using the present methodology, and was ascribed mainly to the observation that it is the narrow cusp tips which will be worn down initially (it will be recalled that crown height was measured to cusp tips, or wear facets thereon, in lightly worn teeth). The increasing spread of crown heights with age indicates that, as expected, wear is more variable in older individuals. This will necessarily reduce the precision and accuracy of age estimates as individuals grow older.
It has often been assumed that because dentine is less hard than enamel, teeth will wear faster once there is significant dentine exposure (Molnar, 1971; Miles, 1978; Lambrechts et al., 1989; Bell et al., 1998) . One might therefore anticipate that rate of wear will increase with age as more dentine becomes exposed. The present study provides no evidence for any such increase in wear rate, even though by older age groups there is significant dentine exposure (Table 3) . It might be suggested that, in part at least, this may simply reflect the fact that crown height measurements in the present study were made to the remaining enamel rim on heavily worn teeth rather than to dentine. However this is unlikely to have had an important effect on results because, as was noted above, cupping of dentine is not marked in this group. It is also worth noting that a limitation of the present study is that because measurements cannot be made when wear on the enamel crown is sufficiently advanced to remove the landmark of the CEJ at the points of measurement, it is not possible to comment on wear rates when wear is very severe (although few individuals in the Zwolle group actually attained this state- Table 3 ). It may also be that the assumption that teeth inevitably wear more rapidly once dentine is exposed is misplaced. In vitro studies (Burak et al., 1999) indicate that at low occlusal loads, dentine does indeed wear faster than enamel, but the two tissues wear at similar rates at higher occlusal loadings. Given the coarser, more fibrous diet of antiquity, it might be assumed that occlusal loadings during mastication would have been higher than for modern Western populations, and consistent with this both mandible and maxilla are of more robust form in earlier populations (Goose, 1962; Moore, Lavelle & Spence, 1968) . There may therefore be no reason to expect that wear rates of teeth should increase in earlier populations once dentine is exposed, although further experimental work would be needed before firm predictions can be made. Some (e.g. Miles, 1978) have suggested that the cupping of dentine often observed in the teeth of early populations once the enamel surface is breached by wear, supports the idea that dentine is less resistant to wear than enamel. However, it may equally be that those points on a tooth where dentine intially becomes exposed are those where biting forces, and hence wear, are most severe, so that the the concavity of exposed dentine merely reflects locally greater wear forces rather than an intrinsically lower resistance of this tissue to wear. It is also worth mentioning that cupping of dentine may arise from chemical erosion of teeth (due to acidic dietary components or stomach content reflux) (Bell et al., 1998; Kieser et al., 2001 ), a process quite distinct from dental wear.
When a tooth loses its occlusal partner, abrasive wear due to hard particles trapped against it during mastication effectively ceases (except for small parts of the tooth which may come into contact with a neighbour of its erstwhile occlusal partner). Although slurry wear (Mair et al., 1996) will continue, the general effect will be that wear on the occlusal surface will be greatly reduced. One might therefore expect molars which had lost their occlusal partners to show greater crown heights-for-age, and perhaps, given the age-progressive nature of tooth loss, for increasing losses of occlusal partners to a factor behind the increased spread of crown heights with advancing age. However, in the present study group, ante-mortem tooth loss had no demonstrable effect on the progress of dental wear. This may be a reflection of the rather slow pace of wear at Zwolle, so that the interval between loss of an occlusal partner and the death of the individual concerned was in general too short to permit the reduction in wear which must have occurred to be detected in the crown height data. Similar arguments may explain the lack of any detectable effect of caries cavities on wear.
Tooth loss was strongly age progressive, so that many individuals past middle age had lost the majority of their teeth. This is in accord with findings in a number of other studies (Lundqvist, 1967; Jackson & Murray, 1972; Langer, Michman & Librach, 1975; Tal & Tau, 1984; Gandhi, 1991; Deas, 1992) . It has previously been emphasized (Mays, 1998: 62) that individuals for whom ante-mortem molar loss prevents scoring of molar wear should not simply be omitted from demographic analyses as this would falsely truncate demographic profiles. The suggestion has been made that those showing loss of more than about 50% of their teeth should be assigned ages of over about 50 years (Mays, de la Rua & Molleson, 1995) , and the present results support this.
Both the current work and a previous study (Constandse-Westermann, 1997) indicate that the rate of wear is markedly slower at Zwolle than in most archaeological groups. A given wear stage or range of crown heights will thus encompass a greater range of ages than would be the case with more rapid wear, making precise age estimates more difficult. The slow rate of wear will also mean that idiosyncratic differences between individuals will loom larger in proportion to age-related variation than would be the case if wear was faster. Since Zwolle was an urban settlement, those buried in the church were probably a rather heterogeneous population, both in terms of origin and diets consumed, compared with many of the communities of earlier antiquity. This would probably also have increased sample variability and weakened relationships between dental wear and age. At Zwolle, where circumstances were more unfavourable for its use than is the case in a majority of archaeological assemblages, dental wear nevertheless showed strong, broadly linear age relationships and, as has previously been demonstrated (Constandse-Westermann, 1997), it out-performed other ageing methods. These observations support the idea that dental wear is a reliable ageing method for archaeological material. However further work on evaluating dental wear ageing, preferably using high attrition archaeological populations of known age at death, is needed. Skeletal collections of known age at death currently available are of late post-Mediaeval date and show low rates of dental wear. Although it is unlikely that significant collections of documented individuals will become available from the high-attrition populations of earlier periods, there is evidence (Mays, 1999 ) that some European populations continued to display heavy dental wear well into the post-Mediaeval age, so although archaeological collections of known age at death are likely to continue to come from the last few centuries, there is the potential to obtain material of known age which displays heavy dental wear. Work on such collections, should they become available, would help to provide important empirical evidence concerning the reliability of dental wear for high-attrition archaeological groups. However there is also a need for greater understanding of dental wear as a process, particularly under conditions of high attrition and high occlusal forces. Dental researchers have constructed a great variety of wear machines or ''artificial mouths'' (Mair et al., 1996) . These have been mainly used for the purpose of evaluating wear properties of dental filling and crown materials (e.g. DeLong et al., 1986) , and although some have been used to provide laboratory simulation of wear in enamel or dentine (Burak et al., 1999 ) the aim has been to simulate oral conditions pertaining in modern Western populations. It may be useful to conduct in vitro work of this nature under ranges of conditions simulating those likely for the populations of antiquity, in order to increase our understanding of wear of enamel and dentine under high occlusal forces on coarse, non factory-processed foods.
